Background and Purpose-In middle cerebral artery occlusion, probability of recanalization after intravenous tissue-type plasminogen activator thrombolysis (IVT) was reported to drop <1% for thrombi exceeding 8 mm. We aimed to evaluate the effect of thrombus length and location on success of recanalization after IVT in basilar artery occlusion. Methods-We evaluated 164 consecutive patients with angiography-proven basilar artery occlusion and available thrombus length. We excluded 24 patients who underwent endovascular treatment. All included patients (n=140) received IVT. Thrombolysis in myocardial infarction 2 to 3 was considered as successful recanalization. Results-Of the 140 included patients, 37 (26.4%) lacked post-treatment angiography, mostly because of early death. Of the remaining 103 patients, those with recanalization had shorter thrombi (median, 5.5 mm and mean, 9.7 mm) when compared with those with nonrecanalized (median, 15.0 mm and mean, 16.6 mm; P<0.001). Thrombi shorter than 10 mm had 70% to 80% probability of recanalization, whereas 10 to 20 mm, 20 to 30 mm, and >30 mm long thrombi had probabilities of 50% to 70%, 30% to 50%, and 20% to 30%, respectively. Patients with thrombi <10 mm (n=52) and recanalization had more frequently top-of-the basilar (92.5%) and less frequently caudal or midbasilar (7.5%) clot location (P=0.01). In multivariable analysis, thrombus length was independently associated with recanalization (P=0.001). Their relationship remained linear across all lengths. Conclusions-Although recanalization of basilar artery occlusion with IVT depends on thrombus length, its probability even in patients with thrombi >30 mm (20%-30%) was substantially higher than minimal recanalization of middle cerebral artery thrombi exceeding 8 mm. There was no threshold length, beyond which basilar artery occlusion recanalization with IVT could ad hoc be deemed hopeless. (Stroke. 2014;45:00-00.)
P atients with basilar artery occlusion (BAO) frequently end up with dismal outcome. Traditionally, ≈80% to 90% of patients die in the absence of recanalization. [1] [2] [3] [4] On the basis of more recent Basilar Artery International Cooperation Study (BASICS), we found that 26 of 27 (96.3%) patients without any recanalization therapy died within 1 month and 1 (3.7%) patient was institutionalized as bedridden and incontinent. 5 Unlike in the management of hemispheric and anterior circulation strokes, considerable differences in BAO protocols exist among hospitals. According to a systematic analysis 4 and BASICS, 5 there is no difference between intravenous (IVT) and intra-arterial thrombolysis on good outcome. In fact, IVT was slightly superior to intra-arterial thrombolysis in patients with mild to moderate symptoms.
In anterior circulation, recanalization was found to be highly location dependent, being 6% to 9% for terminal internal carotid occlusions, 30% to 35% for proximal middle cerebral artery occlusion (MCAO), and 44% for distal MCAO. 6, 7 Importance of the site of occlusion was confirmed in a prospective cohort study. 8 The recanalization was also found to be dependent on clot length, 9 with a striking threshold effect: patients with thrombi longer than 8 mm had <1% probability of recanalization.
We aimed to evaluate the effect of thrombus length and location on success of recanalization after IVT in BAO and to determine whether any angiographic finding would predict unsuccessful IVT response.
Methods

Study Setting
Our cohort comprises 164 consecutive patients treated in our institution between 2002 and 2013 with angiography-proven BAO and data
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June 2014 available of thrombus length. We excluded 24 patients who underwent endovascular treatment. All remaining patients (n=140) received IVT with 0.9 mg/kg alteplase (recombinant tissue-type plasminogen activator), and 136 (97.1%) of them also received concomitant full-dose heparin. All patients were prospectively included into the database, and some additional data were retrieved from charts of patients in a retrospective manner. Our institution approved the study protocol and does not require ethical review for retrospective analysis of data collected as part of routine clinical care. All patients or their caregivers gave their informed consent on the thrombolysis. All medical conditions refer to situation before index stroke.
BAO Treatment Protocol
Our written institutional protocol was published elsewhere. [10] [11] [12] In addition to IVT, the patients receive full-dose anticoagulation with either intravenous unfractionated heparin or low-molecular-weight heparin. Anticoagulation treatment is initiated immediately either after or before thrombolysis after exclusion of intracranial hemorrhage (ICH) on the admission head scan. The activated partial thromboplastin time target is set between 75 and 100 s. Heparin continues until the patient is mobilized. Thereafter, patients receive oral anticoagulation if not contraindicated. Acetylsalicylic acid is only added in case of fluctuating symptoms.
Imaging Data
The extent of baseline ischemia was evaluated with the posterior circulation acute stroke prognosis early computed tomography score (pc-ASPECTS) for both computed tomography and MRI, 13 and patients with pc-ASPECTS <8 were considered as having extensive ischemic changes. 11, 13 On admission, computed tomographic angiography was obtained in 110/140 (78.6%) patients, MR angiography in 29 (20.7%), and digital subtraction angiography in 1 patient. Thrombus length was assessed directly from angiography scans. The level of BAO was categorized as caudal (from the confluence of the vertebral arteries to the origin of the anterior inferior cerebellar artery), midbasilar (from the origin of the anterior inferior cerebellar artery to the origin of the superior cerebellar arteries), and top-of-the-basilar occlusion.
14 After IVT, angiography was not obtained for 37/140 patients (26.4%), mostly because they deceased or were in poor clinical condition. Of the remaining 103 patients, 82 (79.6%) underwent control computed tomographic angiography and 21 (20.4%) MR angiography. Recanalization in post-treatment angiography, the primary outcome measure, was dichotomized as partial to complete (thrombolysis in myocardial infarction, 2-3) and nil to minimal (thrombolysis in myocardial infarction, 0-1). 5, 15, 16 Post-treatment MRI or computed tomography was obtained ≈24 hours after thrombolysis, and whenever clinical deterioration occurred or ICH was suspected. Symptomatic ICH was analyzed according to the European Cooperative Acute Stroke Study (ECASS) II criteria. 17 These criteria were commonly used for anterior circulation strokes; however, there are no standardized criteria for posterior circulation symptomatic ICH. All radiological data were evaluated by 2 experienced neuroradiologists (H.S. and O.S.) in a blinded fashion.
Secondary Outcome Measures
We evaluated outcome at 3 months after IVT with modified Rankin Scale; which was rated by video-trained and certified stroke neurologists either by personal appointment or by telephone interview of patients or their caregivers. Mortality data were also obtained at 1 year from IVT.
Statistical Analyses
Distributions of the continuous variables were studied and tested for normality. Univariate analyses were performed with t test or Mann-Whitney U test, as appropriate. Dichotomous variables were compared with Fisher exact test. To test independent association of thrombus length with lack of recanalization, a model of binary logistic regression was constructed. Following parameters were forced into the model: age, thrombus length, level of BAO, and etiology (separately tested for BA atherosclerosis, embolic origin, and vertebral artery dissection). In a sensitivity analysis, the model was adjusted for the length of BA. Baseline National Institutes of Health Stroke Scale was not included because of possible interaction with thrombus length. Two-sided values of P<0.05 were considered statistically significant. IBM SPSS version 19.0 (SPSS, Inc, an IBM Company, New York, NY) was used for the analyses.
Results
Post-IVT angiography was available for 103/140 patients, and complete or partial recanalization (thrombolysis in myocardial infarction, 2-3) was achieved in 64 (62.1%) of them. We observed no significant difference in thrombus length among patients with missing (median, 7 mm and mean, 10 mm) and available (median, 10 mm and mean, 12 mm) post-treatment angiography (P>0.20). Baseline characteristics of included patients are shown in Table 1 , and radiology data are outlined in Table 2 . Briefly, patients with unsuccessful recanalization had longer thrombi, which often included the midbasilar level and less commonly the top-of-the basilar location. This was especially true for patients with thrombi <10 mm (n=53), where majority of patients with complete or partial recanalization had top-of-the basilar localization (92.5%) when compared with 61.5% in patients with nil or minimal recanalization (P=0.02). Length of the basilar artery was similar in both groups, but there was a difference in proportion of the occluded artery. The nonrecanalized patients also had higher baseline National Institutes of Health Stroke Scale scores, longer symptom onset-to-treatment times, less frequently embolic origin of the occlusion, and more commonly BA atherosclerosis. We did not find any correlation between thrombus length and onset-to-treatment time (P=0.61).
Increased length of thrombi translated into lower recanalization rates (Figure 1) . Findings from univariate analysis were confirmed in a binary logistic regression model, where odds of unsuccessful recanalization were significantly increased by 1.06 (95% confidence interval, 1.01-1.12) for each 1 mm of thrombus length. Figure 2 depicts probability of recanalization according to the thrombus length based on the regression analysis. In the same analysis, midbasilar localization increased odds of unsuccessful recanalization with borderline significance (odds ratio, 4.76; 0.91-24.84; P=0.06), whereas occlusion caused by embolic origin significantly (5-fold) decreased odds for unsuccessful recanalization (0.21; 0.06-0.81). We performed an additional analysis, including the extension of the thrombus to vertebral or posterior cerebral artery into the original regression model (Table I in the online-only Data Supplement).
Because post-treatment angiography was performed at median 24 hours (interquartile range, 17-30), we also report National Institutes of Health Stroke Scale at baseline and at 2 to 4 hours after IVT per thrombus length (Table 3) .
In secondary analyses, we confirmed that patients with successful recanalization achieved better outcome and lower mortality, whereas rates of symptomatic ICH were similar irrespective of recanalization status (Table 4) . Furthermore, the adequacy of anticoagulation as per the dynamics of activated partial thromboplastin time values played no role in recanalization efficacy (data not shown).
Discussion
The present data indicate that the success of recanalization in BAO depends on clot length and location. We observed almost linear relationship between thrombus length and probability of recanalization obtained from the regression model, which were in line with the observed numbers (Figures 1 and 2 ). What this means for therapy options of recanalization therapy is that even for the longest thrombi, we could not find a steep decrease of recanalization with IVT as was found for MCAO thrombi. 9 When one compares the curve for predicted probabilities based on our model (Figure 2A ) with the one calculated for MCAO, 9 our curve is similar only to the left part of the curve for MCAO (MCAO thrombus of ≤5-6-mm long). This may explain that despite the strong association between the thrombus length and BAO recanalization, we did not identify any cut-off length, above which the probability would drop close to zero, as was shown in the analysis of MCAO with thrombus length above 8 mm. In BAO, even for thrombi longer than 30 mm, we observed recanalization in 20% of the patients and If not otherwise stated, data are presented as median (interquartile range). APTT indicates activated partial thromboplastin time; NIHSS, National Institutes of Health Stroke Scale; and OTT, symptom onset-to-treatment time based on the start of monophasic course of basilar artery occlusion symptoms. BA indicates basilar artery; and pc-ASPECTS, posterior circulation acute stroke prognosis early computed tomography score.
*Midbasilar included refers to an occlusion that involves ≥1 other segment than midbasilar location. the predicted probability was 20% to 30% (Figures 1 and 2 ). In view of our institutional protocol, where the majority of the patients are treated with IVT, it is reassuring that already for patients with thrombus length between 20 and 30 mm, the probability of recanalization was 30% to 50% and the observed rate was 44%. Early improvements in National Institutes of Health Stroke Scale (2-4 hours after IVT) were in line with observed recanalization rates at 24 hours ( Table 3 ). Considering that the length and branching of the basilar artery differ from the MCA, we adjusted our analysis for the length of the basilar artery. This did not have any effect on the results whatsoever. Effect of the level of occlusion was most robust in patients with thrombi <10 mm (n=53), where vast majority of patients with recanalization had top-of-the basilar localization (92.5%).
To the best of our knowledge, this is the first detailed analysis of thrombus length and BAO recanalization. One older and smaller study found short BAOs to have higher recanalization rates when compared with longer occlusions. 1 That study did not report the detailed thrombus length, rather it was dichotomized to short (1 segment) and long (≥1 segment) occlusions.
Another important difference is that the majority of those patients studied were treated intra-arterially with urokinase, which is no longer available.
The overall recanalization rate in the current study was 62%, and it was ≥70% in our recent analysis of patients without extensive baseline ischemia (pc-ASPECTS ≥8), 11 which is comparable with endovascular procedures. 18 Although not being the primary focus of our study, we did assess whether higher recanalization rates translated into better outcome and found patients with complete or partial recanalization to achieve more favorable modified Rankin Scale scores at 3 months and to have lower 3-month and 1-year mortality when compared with those with nil or minimal recanalization (Table 4) . This is in line with previous series. 2, 3, 16, 19 Perhaps a more important question for therapeutic decisions is whether any recanalization therapy might be deemed futile ad hoc, causing more harm than benefit. To this point, we recently reported that the majority of patients with BAO and extent baseline ischemia, that is, pc-ASPECTS <8, achieve poor outcome, despite recanalization. In view of the fact that based on our institutional BAO protocol, the majority of our patients receive concomitant fulldose heparin in addition to IVT, we asked whether there is any difference in activated partial thromboplastin time in patients between the 2 recanalization groups. We did not observe any difference (data not shown); hence, the difference in recanalization rates cannot be explained by stronger or weaker heparin anticoagulation effect. In addition, symptomatic ICH was equally common in both recanalization groups (Table 4) .
One limitation of our study is nonavailability of post-treatment angiography in one quarter of otherwise eligible patients. However, their thrombus length was not different from patients with available post-treatment angiography. We cannot exclude the possibility that in some rare cases with severe stenosis of BAO, our evaluation might have overestimated the thrombus length.
In summary, we showed a strong independent association between thrombus length and success of BAO recanalization. However, the recanalization rates even in the high end of the distribution of thrombus lengths were much higher when compared with previous analysis of MCAO. 9 We think that this observation at least partly explains why no overall difference between IVT and intra-arterial approaches was observed for BAO in a meta-analysis 4 and BASICS study, 5 in contrast to some findings favoring intra-arterial thrombolysis for MCAO. [20] [21] [22] IVT for BAO achieves the highest recanalization rates for large artery occlusion in cerebral vessels and seems the appropriate initial recanalization therapy for the vast majority of patients with BAO. 
